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IN THE UNITED STA TES PA TENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT A PPEALS AND INTERFERENCES 

Applicant: Bosch et al. 

Title: DRY POWDER AEROSOLS OF NANOP ARTICULATE DRUGS 

Appl.No.: 09/190,138 

Filing Date: 11/12/1998 

Examiner: James Henry Alstrum-Acevedo 

Art Unit: 1615 

APPELLANT'S THIRD AMENDED BRIEF ON APPEAL UNDER 37 C.F.R. § 41.37 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

Under the provisions of 37 C.F.R. § 41 .37 and in response to the Notification of Non- 
Compliant Appeal Brief mailed on September 27, 2006 ("Notification"), Appellants submit this Third 
Amended Appeal Brief. The Notification stated that Appellants' previously amended appeal brief, 
filed on March 17, 2006, was non-compliant because the "claimed invention is not mapped to the 
independent claims on appeal." The present brief explains the subject matter that is claimed in each 
of the independent claims on appeal, referring to the specification by page and line number. 

The Authorization is hereby given to charge any deficiency (or credit any balance) to the 
undersigned deposit account 19-0741 if any fees are due. 

I. REAL PARTY IN INTEREST 

The real party in interest is ELAN PHARMA INTERNATIONAL, LTD. The inventors assigned 

their right, title, and interest in this application to NANOSYSTEMS on January 6 and 11, 1999. This 
assignment was recorded in the U.S. Patent and Trademark Office at Reel 009861, Frame 0227. 
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NANOSYSTEMS subsequently assigned its right, title, and interest in this application to ELAN PHARMA 
INTERNATIONAL, LTD. This assignment was recorded in the U.S. Patent and Trademark Office at 
Reel 01 1079, Frame 0301. 



II. RELATED APPEALS AND INTERFERENCES 

One of the grounds for deeming Appellant's Brief on Appeal non-compliant was that 

Appellants allegedly failed to identify all related appeals and interferences. Appellants believe that 
there are no related appeals or interferences. They acknowledge, however, their appeal of a final 
rejection of claims in U.S. Patent Application No. 09/577,489 (the "'489 application") (prosecution 
in this case has now been re-opened by the Examiner). However, the '489 application is not legally 
related to the present application. Additionally, the claims of the '489 application are directed to 
liquid droplet aerosols, in contrast to the presently claimed dry powder aerosols. Thus, the subject 
matter underlying the appeal in the '489 application is unrelated to the presently claimed invention. 
There are no other appeals or interferences related to the present application. 



III. STATUS OF CLAIMS 

Pending claims: 1 1-36, 40-45, 47-49, and 51-121. 

Rejected claims: 11-36, 40-45, 47-49, and 51-121. 
Appealed claims: 1 1-36, 40-45, 47-49, and 51-121. 



IV. STATUS OF AMENDMENTS 

An after-final response, filed on May 14, 2004, sought to amend independent claims 1 1, 23, 

35, 40, and 42-44. In light of the Advisory Action dated July 22, 2004, and according to the 
Examiner's Answer entered on May 26, 2006, Appellants understand that the amendments have been 
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entered for purposes of the present appeal. Consequently, the appended claims and their status 
identifiers reflect the entry of the amendments. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed invention is directed to dry powder aerosol compositions of nanoparticulate 

crystalline drugs for pulmonary and nasal delivery and to methods of making and using the 
compositions. See specification at page 7, lines 24-25 and page 16, lines 11-12. The claimed 
compositions comprise spherically-shaped aggregates of crystalline drug nanoparticles having a 
surface modifier adsorbed to the surface thereof. Id. at page 17, lines 6-7; page 20, lines 23; and page 
33, line 16. The drug particles must be crystalline, id. at page 24, lines 26-28, and exhibit an 
effective average particle size of less than about 1 micron. Id. at page 7, lines 5-6 and page 13, lines 
2-8. The diameters of the spherically-shaped aggregates are equal to or less than about 100 microns. 
Id. at page 17, lines 10-18. Finally, the aggregates must yield back the nanoparticulate drug 
dispersions upon reconstitution in an aqueous medium. Id. at page 8, line 28; page 9, line 17; page 
33, lines 19-22; and page 34, lines 28-30. 

Now having generally identified textual support for the claimed invention, Appellants present 
the following chart that identifies precisely what passages of the specification describe the subject 



matter as claimed in each independent claim. 37 C.F.R. § 41 .67(c)(l)(v). 



Independent Claim 


Claimed Subject Matter 


Support in the Specification 


11 


dry powder aerosol 
compositions, formed from 
spray-drying, of nanoparticulate 
crystalline drugs for pulmonary 
and nasal delivery 


page 7, lines 24-25; page 8, line 
9 to page 9, line 2; and page 16, 
lines 11-12 


spherically-shaped aggregates 
of crystalline drug nanoparticles 
having a surface modifier 
adsorbed to the surface thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


aggregates are less than or 
equal to about 100 microns in 
diameter 


page 4, lines 1 1-12; page 13, 
lines 27-28; and page 21, line 4 


drug particles must be 
crystalline 


page 24, lines 26-28 
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Independent Claim 


Claimed Subject Matter 


Support in the Specification 




effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


23 


dry powder aerosol 
compositions, formed from 
spray-drying, of nanoparticulate 
crystalline drugs for pulmonary 
and nasal delivery 


page 7, lines 24-25; page 9, 
lines 4-20; and page 1 6, lines 
11-12 


aggregates of crystalline drug 
nanoparticles having a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


aggregates are less than or 
equal to about 1 00 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


drug particles must be 
crystalline 


page 24, lines 26-28 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


35 


dry powder aerosol 
compositions for use in 
propellant-based pMDI 


page 9, line 22 to page 10, line 
5; page 17, line 23 to page 18, 
line 3 


spherically-shaped aggregates 
of poorly soluble crystalline 
drug particles 


page 17, lines 4-19; page 24, 
lines 26-28 and 30 


aggregates are less than or 
equal to about 100 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


nanoparticles having a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


non-aqueous propellant 


page 10, lines 14-28 


40 


Method of making dry powder 
nanoparticulate drug 
composition 


page 10, lines 7-15; abd page 
18, lines 5-15 
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Independent Claim 


Claimed Subject Matter 


Support in the Specification 




Forming aqueous 
nanoparticulate dispersion of a 
poorly soluble drug 


Page 8, line 10-12 


Drug solubility in at least one 
liquid dispersion medium is less 
than about 1 0 mg/mL 


Page 25, lines 1-3 


Drug is crystalline 


Page 24, lines 24-27 


nanoparticles have a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


Spray-drying nanoparticulate 
dispersion to form dry powder 
of spherically shaped 
aggregates 


Page 8, line 10-12 


aggregates are less than or 
equal to about 1 00 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


42 


Method of making dry powder 
nanoparticulate drug aerosol 
formulation 


Page 10, lines 11-12 and 16-21 


Milling under non-pressurized 
conditions in a non-aqueous 
medium having a high boiling 
point a dispersion 


Page 10, lines 16-21; and page 
19, lines 15-16 


dispersion comprises a poorly 
soluble drug 


Page 8, line 10-12 


Drug solubility in at least one 
liquid dispersion medium is less 
than about 10 mg/mL 


Page 25, lines 1-3 


Drug is crystalline 


Page 24, lines 24-27 


nanoparticles have a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


Evaporating non-aqueous 
medium to obtain a dry powder 
of spherically shaped 
aggregates of drug and surface 
modifier particle 


Page 19, lines 20-21 
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Independent Claim 


Claimed Subject Matter 


Support in the Specification 




aggregates are less than or 
equal to about 100 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21 , line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


formulating the dry powder 
spherically shaped aggregates 
into an aerosol composition 


Page 19, lines 21-22 


43 


Method of making an aerosol 
composition comprising milling 
under pressurized conditions 


Page 20, lines 1-9 


dispersion comprises a poorly 
soluble drug 


Page 8, line 10-12 


Drug solubility in at least one 
liquid dispersion medium is less 
than about 1 0 mg/mL 


Page 25, lines 1-3 


Drug is crystalline 


Page 24, lines 24-27 


nanoparticles have a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


Evaporating non-aqueous 
medium to obtain a dry powder 
of spherically shaped 
aggregates of drug and surface 
modifier particle 


Page 19, lines 20-21 


aggregates are less than or 
equal to about 100 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 


formulating the dry powder 
spherically shaped aggregates 
into an aerosol composition 


Page 19, lines 21-22 


44 


Method of making dry powder 
nanoparticulate drug 
composition comprising 
forming an aqueous 
nanoparticulate dispersions of 
poorly soluble drug 


Page 18, lines 19-25 


dispersion comprises a poorly 
soluble drug 


Page 8, line 10-12 
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Independent Claim 


Claimed Subject Matter 


Support in the Specification 




Drug solubility in at least one 
liquid dispersion medium is less 
than about 10 mg/mL 


Page 25, lines 1-3 


Drug is crystalline 


Page 24, lines 24-27 


nanoparticles have a surface 
modifier adsorbed to the surface 
thereof 


page 17, lines 6-7; page 20, 
lines 23; and page 33, line 16 


effective average particle size 
of less than about 1 micron 


page 7, lines 5-6 and page 13, 
lines 2-8 


Freeze-drying the 
nanoparticulate dispersion to 
form a dry powder of 
spherically shaped aggregates 


Page 22, lines 11-19 


aggregates are less than or 
equal to about 100 microns in 
diameter 


page 4, lines 11-12; page 13, 
lines 27-28; and page 21, line 4 


aggregates must yield back the 
nanoparticulate drug 
dispersions upon reconstitution 
in an aqueous medium 


page 8, line 28; page 9, line 17; 
page 33, lines 19-22; and page 
34, lines 28-30 



Appellants' discovery is a substantial advance over conventional micronized drug 
formulations that are intended for delivery to the pulmonary and nasal regions. The nanoparticulate 
drug particle size facilitates the drug particles' fitting into a wide aggregate size range. 
Consequently, aggregate particles measuring less than about 2 microns up to about 100 microns 
uniformly contain the same concentration of nanoparticulate drug particles, by contrast to 
conventional micronized formulations, and thereby allow more effective and efficient drug delivery 
to a desired region. See specification at page 23, line 26 to page 24, line 6. Moreover, the present 
invention results in more favorable drug delivery profiles relative to micronized drugs on account of 
the nanoparticulate drug size allowing more concentrated unit doses. Id. at page 23, lines 17-22. 
Additionally, a number of advantageous bulk properties result from the instant compositions. For 
example, the present compositions can be nebulized ultrasonically whereas micronized drug 
dispersions cannot. Id. at page 23, lines 23-25. By contrast to micronized drugs, the present 
invention also enables very rapid drug delivery to pulmonary and nasal surfaces. Id. at page 24, lines 
7-10 and 15-18. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Four issues remain after the issuance of the Final Office Action dated January 14, 2004: 

A. Whether claims 1 1-34, 40, 41, 44, 45, 47, 48, 51-62, 69-96, and 111-119 are unpatentable 
under 35 U.S.C. § 103(a) over U.S. Pat. No. 5,985,309 to Edwards et al. ("Edwards"). 

B. Whether claims 1 1-34, 40- 45, 47, 48, 51-62, 65-96, and 97-1 19 are unpatentable under 
35 U.S.C. § 103(a) over Edwards in view of U.S. Pat. No. 5,145,684 et al. to Liversidge 
("Liversidge"). 

C. Whether claims 35, 36, 49, 63, and 64 are unpatentable under 35 U.S.C. § 103(a) over 
Edwards in view of U.S. Pat. No. 5,202,1 10 to Dalby et al. ("Dalby"). 

D. Whether claims 120 and 121 are unpatentable under 35 U.S.C. § 103(a) over Edwards in 
view of Goodman & Gilman's, The Pharmacological Basis of Therapeutics, Ninth 
edition, page 666 (McGraw-Hill, 1996) ("Goodman"). 

VII. ARGUMENT 

The claimed invention is patentable over the cited prior art because the PTO has not 

established a prima facie case of obviousness. 

To establish a prima facie case of obviousness, three basic criteria 
must be met. First, the prior art references (or references when 
combined) must teach or suggest all of the claim limitations. 
Second, there must be some suggestion or motivation, either in the 
references themselves or in the knowledge generally available to one 
of ordinary skill in the art, to modify the reference or to combine 
reference teachings. Finally, there must be a reasonable expectation 
of success. 

See MPEP § 2143 (Rev. 2, May 2004) (emphasis added). 

Specifically, none of the cited references, alone or in combination with each other, teach or 
suggest the following elements that are required by each of Appellants' claims: (1) spherically- 
shaped aggregates of drug nanoparticles having a surface modifier adsorbed to the surface thereof, 
(2) the drug nanoparticles are crystalline and (3) have an effective average particle size of less than 
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about 1 micron, and (4) the spherically-shaped aggregates must yield back nanoparticulate drug 
dispersions upon reconstitution in an aqueous medium. Furthermore, the PTO has not properly 
established a motivation to modify Edwards alone or by any of the cited secondary references. 
A. Issue 1: Edwards 

Edwards does not teach or suggest each limitation of the claimed invention, nor would a 
person of ordinary skill in the art have been motivated to modify the reference in a manner such as to 
arrive at the claimed invention. Appellants note in this regard that each of the outstanding rejections 
turns wholly or primarily upon whether Edwards pertains. 

1. The PTO Applied an Improper Standard in Determining Whether Edwards 
Teaches or Suggests a Nanoparticulate Drug 
Appellants have argued at length throughout the prosecution of the present application that 

the microparticulate drug compositions disclosed by Edwards simply do not amount to or suggest the 

presently recited nanoparticulate drug dispersion. Thus Edwards discloses particles that comprise a 

therapeutic agent and a surfactant for administration to the respiratory tract via an aerosol 

formulation. See Edwards at col. 3, lines 1-3 and col. 5, lines 29-33. Specifically, the disclosed 

aerosol particles have "a mean diameter of between approximately 5 jam and 30 /an." Edwards at 

col. 6, lines 1-7. Additionally, Edwards discloses a number of processes for making particles that 

satisfy these size requirements. See, e.g., Edwards at col. 8., lines 5-29. Consequently, none of the 

disclosed particles nor the processes for making them remotely suggests that the particles comprise 

nanoparticulate drug. 

a. Edwards Does Not Teach or Suggest Drug Nanoparticles 

Despite the paucity of evidence that the compositions of Edwards somehow implicate drug 

nanoparticles, the PTO has persistently buttressed a majority of its obviousness determination by a 

two-pronged platform that enjoys not even the flimsiest factual or legal support. Not once during the 

pendency of this application has the PTO unequivocally established that Edwards teaches drug 
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nanoparticles, much less those that form spherically-shaped aggregates as required by Appellants 
claims. Notably, the PTO recognized that "Edwards et al do not specifically state that 50% of the 
[disclosed] particles have a geometric particle size of less than about 1 /jm [as claimed]." Office 
Action, dated February 5, 2001 , at page 5. Nonetheless, as one pillar of the PTO's platform is the 
"examiner's position that Edwards disclosed that nanosize drug particles in aerosol form were 
delivered to the alveoli of the lungcol 3 [sic; "lung, col. 3], lin [sic] 330-35 [sic; "33-35"] and col 5 
[sic], lin [sic] 30-40). [sic] 99 

Edwards simply teaches nothing of the sort. See Appellants' Response, dated May 14, 2004, 
at pages 23-24. Edwards teaches that "[administration by aerolization permits deep lung delivery of 
relatively large diameter therapeutic aerosols, for example, greater than 5 jjm in mean diameter 99 
Edwards at col. 5, lines 31-34 (emphasis supplied). Thus, Edwards flatly refutes the PTO's 
contention that the reference teaches nanoparticulate drug on account of drug particles reaching the 
deep lung. 

As to the second pillar of the PTO's platform, the PTO invoked an incorrect legal standard by 
persistently requiring Appellants to first establish the recited nanoparticulate drug size as a critical 
feature of the invention before patentability over Edwards would be acknowledged. It is black letter 
law that "[t]he examiner bears the burden of establishing a prima facie case of obviousness." In re 
Deuel, 51 F. 3d 1552, 1557 (Fed. Cir. 1995) (citing In re Rijckaert, 9 F. 3d 1531, 1532 (Fed. Cir. 
1993); In re Oetiker, 977 F. 2d 1443, 1445 (Fed. Cir. 1992)). "Only if 'this burden is met does the 
burden of coming forward with rebuttal argument or evidence shift to the applicant." Rijckaert, 9 
F. 3d at 1532 (emphasis supplied). In this analysis, "[a]ll words in a claim must be considered in 
judging the patentability of that claim against the prior art." In re Wilson, 424 F. 2d 1382, 1385 
(CCPA 1970). In particular, "[o]bviousness requires a suggestion of all elements in a claim." In re 
Royka, 490 F. 2d 981 (CCPA 1974). The PTO therefore is obligated to consider that Appellants' 
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claimed composition comprises nanoparticulate drug particles and to bear the initial burden of 
determining whether Edwards teaches or suggests this feature of Appellants' invention. 

By contrast to the principles stated above, the PTO improperly "granted [no] patentable 
weight" to the "merely superfluous" nanoparticulate size limitation, see Office Action dated August 
21, 2000 at page 5, and consequently adopted without explanation the notion that "the compositions 
of the instant claims and those of [Edwards] do not appear to be different." Office Action dated 
August 27, 2001 at page 5. In this context, the PTO has now maintained the present rejection 
because Appellants "did not present factual evidence showing criticality of size of the nanoparticles 
of drug in the instant claims that is different than the size of particles of drug in the [cited prior art]; 
specifically Edwards." Advisory Action dated July 22, 2004 at page 2 (emphasis supplied). 

Appellants discussed at length above and throughout prosecution that Edwards does not teach 
or suggest nanoparticulate drug particles as required by each of Appellants' claims. Under no 
principle does the PTO have the authority to simply ignore or characterize as "merely superfluous" 
this feature of Appellants' invention when establishing a prima facie case of obviousness. See 
Wilson, 424 F. 2d at 1385 (CCPA 1970). Since the PTO has failed to show that Edwards teaches or 
suggests this feature of Appellants' invention, the PTO has not established the requisite prima facie 
case of obviousness. In any event, Appellants are under no obligation, by contrast to the PTO's 
reasoning, to proffer evidence or argument as to why their invention is patentable over Edwards. 

b. Edwards Teaches Away From Appellants' Aggregates Comprising 
Nanoparticulate Drug Particles 

The PTO has not established a prima facie case of obviousness for the additional reason that 

a person of ordinary skill in the art would not have been motivated by Edwards to make the recited 

nanoparticulate drug particles. "In determining the propriety of the Patent Office case for 

obviousness in the first instance, it is necessary to ascertain whether or not the reference teachings 

would appear to be sufficient for one of ordinary skill in the relevant art having the reference before 
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him to make the proposed substitution, combination, or other modification." In re Linter, 458 F. 2d 
1013, 1016 (CCPA 1972). In the present case, there is no such "proposed substitution, combination, 
or other modification" embodied in the PTO's conclusory opinion that the "compositions of the 
instant claims and those of [Edwards] do not appear to be different." Office Action dated August 27, 
2001 at page 5. The PTO nonetheless shoulders the burden of establishing that the person of ordinary 
skill would have motivated to modify the microparticulate composition disclosed by Edwards to 
arrive at Appellants' claimed compositions that comprise nanoparticulate drug particle. There is no 
motivation whatsoever. 

Edwards teaches away from Appellants' invention because the reference strongly suggests 
that nanoparticles would be ineffective for delivery of a drug to the pulmonary system. "[References 
that teach away cannot serve to create a prima facie case of obviousness." McGinley v. Franklin 
Sports, Inc., 262 F. 3d 1339, 1354 (Fed. Cir. 2001) (citing In re Gurley, 27 F. 3d 551, 553 (Fed. Cir. 
1994)). Here, Edwards teaches that larger drug particles, e.g., those having a mean diameter between 
5/zm and 30 jam, are used to provide maximum deposition of the drug within the lungs. See Edwards 
at col. 5, lines 10-15. Moreover, the larger particles of Edwards avoid the fate of "very small 
particles of less than five microns in diameter, preferably between one and three microns in diameter, 
which are then subject to phagocytosis." Edwards at col. 5, lines 16-18. Edwards thus teaches that 
inhalation of larger, not smaller, drug particles are necessary for delivery of the drug to the lungs to 
avoid the risk of phagocytosis. Consequently, a person of ordinary skill in the art would have been 
counseled by Edwards against making smaller drug particles for their delivery to the lung. The 
person therefore would not have been motivated to make Appellants' claimed invention comprising 
nanoparticulate drug particles. 
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2. Edwards Does Not Teach or Suggest Crystalline Drug Nanoparticles 

Even if Edwards suggested the recited drug nanoparticles, a proposition that Appellants' do 
not endorse for the foregoing reasons, the reference does not teach or suggest that the drug must be 
crystalline as required by each of Appellants' claims. Edwards teaches several methods of 
manufacturing the disclosed drug microparticles, including emulsion solvent evaporation and spray 
drying, each of which result in amorphous drug substances. See Appellants' Response dated July 11, 
2002 at page 6. See also Edwards at col. 8, lines 7-10; col. 13, lines 49 to col. 14, line 19 (Example 
1; evaporation); col. 14, lines 21 to 49 (Example 2; spray-drying). 

By contrast to the amorphous particles of Edwards, Appellants' claimed invention comprises 
crystalline drug nanoparticles. In light of this difference, the PTO has not demonstrated that a person 
of ordinary skill in the art would have been motivated to modify the compositions of Edwards to 
arrive at dry powder aggregates comprising nanoparticulate crystalline drug. Absent such a 
motivation, a prima facie case of obviousness does not exist. Linter, 458 F. 2d at 1016 (CCPA 1972). 

3. Edwards Does not Teach or Suggest Spherically Shaped Aggregates 

Appellants' invention is further patentable over Edwards because the reference does not 
teach or suggest aggregates that are spherically-shaped as required by each of Appellant's claims. In 
particular, the disclosed microparticles are "rough (non-smooth) [and] non-spherical . . Edwards at 
col. 9, lines 15-17. 

Moreover, as discussed at length by Appellants, the PTO has indicated no motivation 
whatsoever for one of ordinary skill in the art to modify the rough particles of Edwards to obtain the 
smooth particles of the claimed invention. See Appellants' Response dated May 14, 2004 at page 22. 
In this regard, Edwards teaches away from Appellants' invention because the reference emphasizes 
that the aerodynamic lightness of the disclosed particles is achieved in part by creating irregular 
surface structures on the particles. See Edwards at col. 5, lines 64-67. It is therefore irrelevant, in 
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contrast to the PTO's reasoning, that "the prior art as known and expressed in Edwards teaches 
smooth and spherical microparticle drug for inhalation . . ." Office Action dated January 14, 2004. 
What is relevant is that Edwards itself does not teach or suggest this feature of Appellants' invention. 

4. Edwards Does Not Teach or Suggest Aggregates That Yield Nanoparticulate 
Drug Dispersions 

The PTO has not rebutted Appellants' arguments that Edwards does not teach or suggest that 
the claimed aggregates of nanoparticulate drug return to nanoparticulate drug particle dispersions 
upon reconstitution in an aqueous liquid medium. See Appellants' Response dated May 14, 2004 at 
page 25. "Obviousness requires a suggestion of all elements in a claim." In re Royka, 490 F. 2d 981 
(CCPA 1974). The PTO is thus required in establishing its prima facie case of obviousness to show 
that Edwards suggests this feature of Appellants' invention. The PTO did not. 

Applicants understand the PTO in this context to characterize the reference as teaching the 
variance of a number of parameters that would facilitate the disclosed particles in reaching selected 
regions of the respiratory tract. See Office Action dated January 14, 2004 at page 3 (citing Edwards 
at col. 10, lines 45-55). This is irrelevant: the reference still does not teach or suggest that aggregates 
as claimed are reconstituted into nanoparticulate drug particle dispersions. In fact, Edwards teaches 
instead that the disclosed large and aerodynamically light drug particles simply "undergo slow 
degradation and drug release." Edwards at col. 10, lines 37-38. 



5. Conclusion 

Because Edwards does not teach or suggest all of the limitations of Appellants' claims, and 
because the PTO has failed to identify a suggestion or motivation to modify Edwards to arrive at the 
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claimed invention, the PTO has not established a prima facie case of obviousness. Appellants 
therefore respectfully request the Board to reconsider and reverse this ground for rejection. 

B. Issue 2: Edwards in View of Liversidge 

Edwards in combination with Liversidge does not obviate the claimed invention because 
Liversidge remedies none of the deficiencies of Edwards discussed above and because the references 
militate against making the claimed aerosol composition. Appellants' discussion of Edwards, supra, 
follows lengthy discourse during prosecution to demonstrate that Liversidge does not cure the 
deficiencies of Edwards. Specifically, Liversidge is directed to a composition of a "crystalline drug 
substance having a surface modifier adsorbed on the surface thereof ... to maintain an effective 
average particle size of less than about 400 nm." Liversidge at col. 2, lines 38-43. The 
nanoparticulate compositions of Liversidge are disclosed as being useful in oral, parenteral, and 
intravenous administration applications. See Liversidge at col. 8, lines 10-13. By contrast, Edwards 
discloses "aerodynamically light particles generally hav[ing] a mean diameter between 5 fjm and 30 
//m", Edwards at col. 4, lines 1-4, for "delivery of a therapeutic agent to the airways of the alveolar 
region of the lung," Id. at col. 4, lines 19-20. The references thus embody (1) non-obvious variants 
of drug compositions and (2) non-overlapping routes of administration. Neither reference therefore 
suggests the claimed aggregate of nanoparticulate drug dispersions nor does the PTO demonstrate 
how one of ordinary skill in the art would modify the light particles of Edwards with the 
comparatively dense crystalline particles of Liversidge to arrive at the claimed invention. 

Edwards teaches away from the proposed combination because the reference teaches that 
small drug particles are not useful in the context of pulmonary drug delivery. "If references taken in 
combination would produce a 'seemingly inoperative device,' . . . such references teach away from 
the combination and thus cannot serve as predicates for a prima facie case of obviousness." See 
McGinley v. Franklin Sports, Inc., 262 F. 3d 1339, 1354 (Fed. Cir. 2001) (quoting In re Sponnoble, 
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405 F. 2d 578, 587 (CCPA 1969)). As noted above, Edwards is directed to large drug particles, i.e., 
5 //m to 30 //m, to avoid the fate of "very small particles of less than five microns in diameter, 
preferably between one and three microns in diameter, which are then subject to phagocytosis." 
Edwards at col. 5, lines 16-18. A person of ordinary skill in the art would therefore have been 
dissuaded by Edwards from using the nanoparticulate compositions of Liversidge in a modification of 
Edwards to arrive at the claimed dry powder aerosol. 

The PTO propounded two theories in fortifying the ground for maintaining this rejection. 
The facts in this case support neither theory. First, the PTO pronounced that "the disclosures in 
Leversidge [sic, "Liversidge"] . . . are in the same field of endeavor as that in Edwards - nanosize 
drug particles that are surface modified in liquid dispersion." Office Action dated January 14, 2004 
at page 4. Appellants have pointed out that Edwards and Liversidge are not both directed to 
nanoparticulate drug particles. See Appellants' Response dated May 14, 2004 at page 27. 
Specifically, as discussed above, nowhere does Edwards teach or suggest drug nanoparticles. 

Second, the PTO styled Liversidge as "address[ing] similar problems that were raised in 
Edwards concerning nanosize drug delivery formulations through the respiratory tract . . ." Even a 
cursory inspection of Liversidge indicates that this is not so. Thus Appellants' emphasize here, 
supra, as before that Liversidge teaches "that the pharmaceutical compositions of this invention will 
be particularly useful in oral and parenteral, including intravenous, administration applications." 
Liversidge at col. 8, lines 10-13. Liversidge simply does not address the administration of "nanosize 
drug delivery formulations through the respiratory tract." Office Action dated January 14, 2004 at 
page 4. 

The proposed combination of Edwards and Liversidge therefore does not teach or suggest all 
of the limitations of Appellants' claims, specifically the recited aggregates comprising 
nanoparticulate drug dispersions. Moreover, Edwards teaches away from the combination because 
the reference specifically teaches the inoperability of the aerosol delivery of small drug particles. For 
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these reasons, the combination of references does not obviate the claimed invention. Consequently, 
Appellants respectfully request the Board to reconsider and reverse this ground for rejection. 

C. Issue 3: Edwards in View of Dalby 

The combination of Edwards and Dalby does not obviate the claimed invention because 
Edwards is not a competent reference and because Dalby fails to remedy the deficiencies of Edwards. 
The PTO relies upon Edwards here "for all that it teaches as stated previously", Office Action dated 
December 24, 2004 at page 4, and in particular for the reference's alleged disclosure of "spherical, 
nanosize aerosol particles of drug . . ." Office Action dated January 14, 2004 at page 4. 
Additionally, the PTO cites Dalby "for teaching propellant metered dose inhalers where the 
propellant is a 'non-CFC propellant." See Office Action dated December 24, 2004 at page 4. See 
also Office Action dated January 14, 2004 at page 4. 

For all of the foregoing reasons, Edwards does not teach or suggest the claimed invention. 
Specifically, nowhere does Edwards disclose the cited "spherical, nanosize aerosol particles of 
drug . . ." By contrast to the PTO's characterization of the reference, Edwards teaches aerosol 
particles that have "a mean diameter of between approximately 5 /im and 30 /Jm", Edwards at col. 6, 
lines 1-7, that are rough (non-smooth) [and] non-spherical . . Id. at col. 9, lines 15-17. For at least 
these reasons, this ground for rejection is moot to the extent that the PTO relies upon Edwards "for 
all that it teaches . . ." Consequently, this ground for rejection turns upon whether the PTO's reliance 
upon Dalby is well-founded. It is not. 

Dalby, as with Edwards, does not teach or suggest aggregates of crystalline, nanoparticulate 
drug particles as required by each of Appellants' claims. Dalby is directed to formulations of 
beclomethasone diproprionate for aerosol delivery via a metered dose inhaler. See Dalby at col. 2, 
lines 22-26. In particular, the reference teaches that "the micronized drug . . . should be easily 
dispersible in the propellant or propellant blend with the aid of a surfactant, or completely dissolve." 
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Id. at col. 2, lines 36-38. Dalby therefore does not teach or suggest that the disclosed drug particles 
are or should be crystalline, much less that the particles form spherically-shaped aggregates 
measuring less than or equal to about 100 microns in diameter as claimed. 

The references do not support the PTO's prima facie case of obviousness because Edwards, 
alone or in combination with Dalby, does not teach or suggest each and every element of the claimed 
invention. Accordingly, Appellants respectfully request the Board to reconsider and reverse this 
ground for rejection. 

D. Issue 4: Edwards in View of Goodman 

The combination of Edwards and Goodman also fails to teach or suggest the claimed 
invention because Goodman does not remedy those deficiencies of Edwards discussed above. In this 
context, the PTO relied upon Goodman simply to the extent that the reference "teaches . . . 
beclomethasone dipropionate ... [as a] steroid administered for asthma in aerosol formulations." 
Office Action dated December 24, 2002 at page 6. 

While Appellants affirm this characterization of Goodman, the PTO's commentary 
nonetheless falls short of establishing a prima facie case of obviousness based upon the proposed 
combination. Thus, Goodman does not address the requisite (1) spherically-shaped aggregates of 
drug nanoparticles having a surface modifier adsorbed to the surface thereof, (2) drug nanoparticles 
that are crystalline and (3) that have an effective average particle size of less than about 1 micron, and 
(4) spherically-shaped aggregates that must yield back nanoparticulate drug dispersions upon 
reconstitution in an aqueous medium. Because Edwards also does not teach or suggest any of these 
claimed features of Appellants' invention, supra, the combination of Edwards and Goodman also 
fails to do so. 

Assuming, arguendo, that the references could be combined to satisfy all of the claimed 
limitations, the PTO's obviousness determination still inadequately addresses the motivation to 
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combine the references. See In re Linter, 458 F.2d 1013, 1016 (CCPA 1972). The PTO asserted in 
this context that Goodman's disclosure of beclomethasone dipropionate being available in aerosol 
formulations and therefore useful for treating asthma suggests the use of the drug in the formulations 
of Edwards. Office Action dated December 24, 2002 at page 6, With nothing more, Goodman 
merely suggests the selection of beclomethasone dipropionate over or in addition to any other drug 
for use in aerosol administration. The PTO therefore has not established that Goodman would have 
suggested to a person of skill in the art to modify Edwards, against the specific teaching of Edwards, 
to provide for spherically-shaped aggregates of crystalline, submicron-sized drug nanoparticles. 

Because Edwards, alone or in combination with Goodman, does not teach or suggest all of 
the claimed features of Appellants' invention, and because Goodman would not have suggested 
modifying Edwards to arrive at the claimed invention, the proposed combination does not support a 
prima facie case of obviousness. Accordingly, Appellants respectfully request the Board to 
reconsider and reverse this ground for rejection. 

VIII. CLAIMS APPENDIX 

Appellants append hereto the claims on appeal as identified in section HI. Supra. 

IX. EVIDENCE APPENDIX 

In further response to the Notice, Appellants additionally append copies of the following 
evidence that was introduced and entered into the record during prosecution: 

1 . P. Byron, "Aerosol Formulation, Generation, and Delivery Using Nonmetered Systems," 
Respiratory Drug Delivery, 144-151 (CRC Press, 1989); submitted with Appellants' 
Response filed on November 27, 2000 and "acknowledged" by the PTO in the Office Action 
mailed on February 5, 2001. 

2. a, U.S.Pat. No. 5,145,684; 

b. "Test Method B527-93(2000)el Standard Test Method for Determination of Tap Density 
of Metallic Powders and Compounds," 

http://www.astm.org/DATABASE.CART/PAGES/B527.htm ; 
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c. "Autotap and Dual Autotap," http://www.quantachrome,com/Density/ Autotap.htm ; 

d. "Optimal Tapped Density Tester," http://optimalcontrol.com/ tapped.html ; and 

e. Edwards et al., "Large Porous Particles for Pulmonary Drug Delivery Science," 276:1868- 
1871 (June 20, 1997); 

all submitted with Appellants' Response filed on May 5, 2001 and entered by the PTO in the Office 
Action mailed on August 27, 2001. 

3. a. J. M. Ohrt et al, "Crystal Data (II) for some androstanes ," Acta Cryst. 19 (1965) 479; 

b. A. L. Thakkar et al, "Crystallographic data for testosterone hydrate and anhydrate," Acta 
Cryst. B26 (1970) 1184; and 

c. J. M. Ohrt et al., "Crystal Data (II) for some estrone-related compounds," Acta Cryst. 17 
(1964) 1611; and 

d. J. P. Beale et al, "DL-N-tbutyl-2(4-hydroxy-3-hydroxymethylphenyl)2-hydroxyethylamin, 
(SAL-butamol, Ah.3365), Ci 3 H 21 N0 3 ," Cryst. Struct. Comm. 1 (1972) 71-74; 

all submitted with Appellants' Response filed on July 11, 2002 and entered by the PTO in the Office 
Action mailed on August 27, 2001 . 

X. RELATED PROCEEDINGS APPENDIX 

None. 

XI. CONCLUSION 

Edwards, alone or in combination with any of the cited secondary references, does not teach 

or suggest the claimed dry powder aerosol comprising spherically-shaped aggregates of crystalline, 
submicron-sized drug nanoparticles. Edwards specifically teaches away from the use of heavier 
smaller drug particles and, in any event, teaches away from the use of spherically-shaped particles. 
Since none of the secondary references cure these deficiencies of Edwards, or at least suggest that the 
compositions of Edwards be modified accordingly, the PTO has not established a prima facie case of 
obviousness. For all of these reasons, Appellants courteously request the Board to reconsider and 
reverse all grounds for rejection of the claims. 
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CLAIMS APPENDIX: CLAIMS ON APPEAL 

I. - 10. (cancelled). 

I I . (Previously presented) A dry powder aerosol composition for pulmonary or nasal delivery 
comprising spherically shaped aggregates ef formed from spray-drying aqueous dispersions of 
nanoparticulate drug particles, wherein: 

(a) the aqueous dispersions of nanoparticulate drug particles: 

(i) comprise a poorly soluble crystalline drug, wherein by "poorly soluble" it is 
meant that the drug has a solubility in at least onejiquid dispersion medium of 
less than about 10 mg/ml, 

(ii) have an effective average particle size of less than about 1000 nm, meaning at 
least 50% of the drug particles have a particle size of less than about 1000 nm, 
and 

(iii) have a surface modifier adsorbed on the surface thereof; and 

(b) the aggregates of such spray-dried drug particle dispersions are less than or equal to 
about 100 microns in diameter; and 

(c) such aggregates return to nanoparticulate drug particle dispersions upon reconstitution in 
an aqueous liquid medium. 

12. (Original) The aerosol composition of claim 1 1 further comprising a diluent. 

13. (Original) The aerosol composition of claim 12, wherein essentially every diluent particle 
comprises at least one embedded nanoparticulate drug particle having a surface modifier adhered to 
the surface of the drug particle, 

14. (Original) The aerosol composition of claim 11, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
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therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

15. (Previously Presented) The aerosol composition of claim 11, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 400 nm. 

16. (Original) The aerosol composition of claim 11, wherein the aerosol comprises a concentration 
of a drug in an amount of from about 0.05 mg/g up to about 900 mg/g. 

17. (Original) The aerosol composition of claim 16, wherein the aerosol comprises a concentration 
of a drug selected from the group consisting of about 10 mg/g or more, about 100 mg/g or more, 
about 200 mg/g or more, about 400 mg/g or more, about 600 mg/g or more, and about 900 mg/g. 

1 8. (Previously Presented) The aerosol composition of claim 1 1 , wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 10 
microns. 

19. (Previously Presented) The aerosol composition of claim 18, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 6 
microns. 

20. (Previously Presented) The aerosol composition of claim 11, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

21 . (Previously Presented) The aerosol composition of claim 1 1 , wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 5 to about 100 |im. 

-23- 

WASH 1697871.1 



Atty. Dkt. No. 029318-0109 

22. (Previously Presented) The aerosol composition of claim 21, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 30 to about 60 (am. 

23. (Previously presented) A dry powder aerosol composition for pulmonary or nasal delivery 
comprising spherically shaped aggregates formed from freeze-drying aqueous dispersions of 
nanoparticulate drug particles, wherein: 

(a) the aggregates of such freeze-dried drug particle dispersions are less than or equal to 
about 100 microns in diameter; 

(b) the aqueous dispersions of nanoparticulate drug particles: 

(i) comprise a poorly soluble crystalline drug, wherein by "poorly soluble" it is 
meant that the drug has a solubility in at least one liquid dispersion medium of 
less than about 10 mg/ml, 

(ii) have an effective average particle size of less than about 1000 nm, meaning at 
least 50% of the drug particles have a particle size of less than about 1000 nm, 
and 

(iii) have a surface modifier adsorbed on the surface thereof; and 

(c) such aggregates return to nanoparticulate drug particle dispersions upon reconstitution in 
an aqueous liquid medium. 

24. (Original) The aerosol composition of claim 23, further comprising a diluent. 

25. (Previously Presented) The aerosol composition of claim 23, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
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illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

26. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 400 nm. 

27. (Original) The aerosol composition of claim 23, wherein the aerosol comprises a concentration 
of a drug in an amount of from about 0.05 mg/g up to about 900 mg/g. 

28. (Original) The aerosol composition of claim 27, wherein the aerosol comprises a concentration 
of a drug selected from the group consisting of about 10 mg/g or more, about 100 mg/g or more, 
about 200 mg/g or more, about 400 mg/g or more, about 600 mg/g or more, and about 900 mg/g. 

29. (Previously Presented) The aerosol composition of claim 23, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 10 
microns. 

30. (Previously Presented) The aerosol composition of claim 29, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 6 
microns. 

31 . (Previously Presented) The aerosol composition of claim 23, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

32. (Previously Presented) The aerosol composition of claim 23, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 5 to about 100 fim. 

33. (Previously Presented) The aerosol composition of claim 32, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 30 to about 60 jim. 
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34. (Original) The aerosol composition of claim 23, further comprising spray-dried nanoparticulate 
drug powder, wherein the drug of the freeze-dried nanoparticulate drug powder is either the same or 
different from the drug of the spray-dried nanoparticulate drug powder. 

35. (Previously presented) A dry powder nanoparticulate aerosol composition for use in a 
propellant-based pMDI comprising 

(a) spherically shaped aggregates of a nanoparticulate poorly soluble crystalline drug 
particles, wherein by "poorly soluble" it is meant that the drug has a solubility in at least 
one liquid dispersion medium of less than about 10 mg/ml, wherein the aggregates are 
less than or equal to about 100 microns in diameter, wherein such aggregates return to 
nanoparticulate drug particles upon reconstitution in an aqueous liquid medium, and 
wherein the drug particles: 

(i) have a surface modifier adsorbed on the surface thereof, and 

(ii) have an effective average particle size of less than about 1 000 nm, meaning 
at least 50% of the drug particles have a particle size of less than about 1000 
nm, and 

(b) a non-aqueous propellant. 

36. (Original) The aerosol composition of claim 35, wherein the propellant is a non-CFC propellant. 

37. -39. (Cancelled) 

40. (Previously presented) A method of making a dry powder nanoparticulate drug composition 
comprising: 

(a) forming an aqueous nanoparticulate dispersion of a poorly soluble drug, wherein: 
(i) the dispersion comprises poorly soluble crystalline drug particles and a surface 

modifier adsorbed on the surface thereof, wherein by "poorly soluble" it is meant that 
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the drug has a solubility in the liquid dispersion medium of less than about 10 mg/ml, 
and 

(ii) the^drug particles have an effective average particle size of less than about 1000 run, 
meaning at least 50% of the drug particles have a particle size of less than about 1000 
nm; and 

(b) spray-drying the nanoparticulate dispersion to form a dry powder of spherically shaped 
aggregates of the nanoparticulate drug and surface modifier particles, wherein the 
aggregates have a diameter of less than or equal to about 1 00 microns, and wherein such 
aggregates return to a nanoparticulate drug dispersion upon reconstitution in an aqueous 
liquid medium. 

41 . (Original) The method of claim 40, further comprising adding a diluent to the nanoparticulate 
dispersion prior to spray-drying, wherein following spray-drying essentially every diluent particle 
contains at least one embedded drug particle and a surface modifier. 

42. (Previously presented) A method of making a dry powder nanoparticulate drug aerosol 
formulation comprising: 

(a) milling under non-pressurized conditions in a non-aqueous medium having a high boiling 
point a dispersion comprising the following: 

(i) a poorly soluble crystalline drug, wherein by "poorly soluble" it is meant that the 
drug has a solubility in the non-aqueous medium of less than about 10 mg/ml, 
and 

(ii) a surface modifier, to obtain a nanoparticulate drug composition having an 
effective average particle size of less than about 1000 nm, meaning at least 50% 
of the drug particles have a particle size of less than about 1000 nm, and 
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(b) evaporating the non-aqueous medium to obtain a dry powder of spherically shaped 

aggregates of drug and surface modifier particles, wherein the aggregates have a diameter 
of less than or equal to about 1 00 microns, and wherein such aggregates return to 
nanoparticulate drug particle dispersions upon reconstitution in an aqueous liquid 
medium. 

43. (Previously presented) A method of making an aerosol composition comprising: 

(a) milling under pressurized conditions in a non-aqueous medium a dispersion comprising 
the following: 

(i) a poorly soluble crystalline drug, wherein by "poorly soluble" it is meant that the 
drug has a solubility in the non-aqueous dispersion medium of less than about 1 0 
mg/ml, and 

(ii) a surface modifier, to obtain a drug having an effective average particle size of 
less than about 1000 nm, meaning at least 50% of the drug particles have a 
particle size of less than about 1000 nm; 

(b) evaporating the non-aqueous medium to obtain a dry powder of spherically shaped 
aggregates of drug and surface modifier particles, wherein the aggregates have a diameter 
of less than or equal to about 1 00 microns, and wherein such aggregates return to 
nanoparticulate drug particle dispersions upon reconstitution in an aqueous liquid 
medium; and 

(c) formulating the dry powder spherically shaped aggregates into an aerosol composition. 

44. (Previously presented) A method of making a dry powder nanoparticulate drug composition 
comprising: 

(a) forming an aqueous nanoparticulate dispersion of a poorly soluble drug, wherein: 
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(i) the dispersion comprises poorly soluble crystalline drug particles, wherein by 
"poorly soluble" it is meant that the drug has a solubility in the liquid dispersion 
medium of less than about 10 mg/ml, and wherein the drug particles have an 
effective average particle size of less than about 1000 nm, meaning at least 50% 
of the drug particles have a particle size of less than about 1000 nm, and 

(ii) a surface modifier adsorbed on the surface thereof; and 

(b) freeze-drying the nanoparticulate dispersion to form a dry powder of spherically shaped 
aggregates of the nanoparticulate drug and surface modifier particles, wherein the 
aggregates have a diameter of less than or equal to about 100 microns, and wherein such 
aggregates return to nanoparticulate drug particle dispersions upon reconstitution in an 
aqueous liquid medium, 

45. (Original) The method of claim 44, further comprising adding a diluent to the nanoparticulate 
dispersion prior to freeze-drying, wherein following freeze-drying essentially every diluent particle 
contains at least one embedded drug particle and a surface modifier. 

46. (Cancelled). 

47. (Original) A method of administering the aerosol of claim 1 1 to a patient, wherein the aerosol 
comprises drug at a concentration of 10 mg/g or greater, and wherein the patient delivery time for the 
aerosol administration is about 15 seconds or less. 

48. (Original) A method of administering the aerosol of claim 23 to a patient, wherein the aerosol 
comprises drug at a concentration of 10 mg/g or greater, and wherein the patient delivery time for the 
aerosol administration is about 15 seconds or less. 
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49. (Original) A method of administering the aerosol of claim 35 to a patient, wherein the aerosol 
comprises drug at a concentration of 10 mg/g or greater, and wherein the patient delivery time for the 
aerosol administration is about 15 seconds or less. 

50. (Cancelled). 

5 1 . (Previously Presented) The aerosol composition of claim 1 1 , wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 300 nm. 

52. (Previously Presented) The aerosol composition of claim 11, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 250 nm. 

53. (Previously Presented) The aerosol composition of claim 1 1, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 100 nm. 

54. (Previously Presented) The aerosol composition of claim 1 1 , wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 50 nm. 

55. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 300 nm. 

56. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 250 nm. 

57. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 100 nm. 

58. (Previously Presented) The aerosol composition of claim 23, wherein the nanoparticulate drug 
particles have an effective average particle size of less than about 50 nm. 
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59. (Previously Presented) The aerosol composition of claim 1 1, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

60. (Previously Presented) The aerosol composition of claim 11, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

61 . (Previously Presented) The aerosol composition of claim 23, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

62. (Previously Presented) The aerosol composition of claim 23, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

63. (Previously Presented) The aerosol composition of claim 35, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

64. (Previously Presented) The aerosol composition of claim 35, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

65. (Previously Presented) The aerosol composition of claim 42, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

66. (Previously Presented) The aerosol composition of claim 42, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

67. (Previously Presented) The aerosol composition of claim 43, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm. 

68. (Previously Presented) The aerosol composition of claim 43, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 
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69. (Previously Presented) The aerosol composition of claim 44, wherein at least 70% of the drug 
particles have a particle size of less than about 1000 nm, 

70. (Previously Presented) The aerosol composition of claim 44, wherein at least 90% of the drug 
particles have a particle size of less than about 1000 nm. 

71 . (Previously Presented) The aerosol composition of claim 19, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

72. (Previously Presented) The aerosol composition of claim 19, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

73. (Previously Presented) The aerosol composition of claim 20, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 
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74. (Previously Presented) The aerosol composition of claim 20, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

75. (Previously Presented) The aerosol composition of claim 22, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

76. (Previously Presented) The aerosol composition of claim 22, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

77. (Previously Presented) The aerosol composition of claim 30, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 
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78. (Previously Presented) The aerosol composition of claim 30, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

79. (Previously Presented) The aerosol composition of claim 31, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

80. (Previously Presented) The aerosol composition of claim 31, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

81 . (Previously Presented) The aerosol composition of claim 33, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 
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82. (Previously Presented) The aerosol composition of claim 33, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 run, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

83. (Previously Presented) The aerosol composition of claim 35, wherein the drug is selected from 
the group consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, 
asthma therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis 
therapies, chronic obstructive pulmonary disease therapies, organ -transplant rejection therapies, 
therapies for tuberculosis and other infections of the lung, fungal infection therapies, and respiratory 
illness therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti- 
emetic, and a cardiovascular agent. 

84. (Previously Presented) The aerosol composition of claim 35, wherein the nanoparticulate drug 
particles have an effective average particle size selected from the group consisting of less than about 
400 nm, less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 
50 nm. 

85. (Previously Presented) The aerosol composition of claim 35, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 10 
microns. 

86. (Previously Presented) The aerosol composition of claim 85, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 2 to about 6 
microns. 
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87. (Previously Presented) The aerosol composition of claim 35, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of less than about 2 
microns. 

88. (Previously Presented) The aerosol composition of claim 35, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 5 to about 100 [im. 

89. (Previously Presented) The aerosol composition of claim 88, wherein the aggregates of the 
nanoparticulate drug particles have a mass median aerodynamic diameter of about 30 to about 60 |xm. 

90. (Previously Presented) The method of claim 40, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

91 . (Previously Presented) The method of claim 40, wherein the nanoparticulate drug particles have 
an effective average particle size selected from the group consisting of less than about 400 nm, less 
than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 50 nm. 

92. (Previously Presented) The method of claim 40, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 10 microns. 

93. (Previously Presented) The method of claim 92, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 6 microns. 
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94. (Previously Presented) The method of claim 40, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

95. (Previously Presented) The method of claim 40, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 5 to about 100 |im. 

96. (Previously Presented) The method of claim 95, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 30 to about 60 \im, 

97. (Previously Presented) The method of claim 42, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

98. (Previously Presented) The method of claim 42, wherein the nanoparticulate drug particles have 
an effective average particle size selected from the group consisting of less than about 400 nm, less 
than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 50 nm. 

99. (Previously Presented) The method of claim 42, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 10 microns. 

100. (Previously Presented) The method of claim 99, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 6 microns. 

101 . (Previously Presented) The method of claim 42, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of less than about 2 microns. 
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102. (Previously Presented) The method of claim 42, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 5 to about 100 yim. 

103. (Previously Presented) The method of claim 102, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 30 to about 60 jam. 

104. (Previously Presented) The method of claim 43, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic^fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

105. (Previously Presented) The method of claim 43, wherein the nanoparticulate drug particles 
have an effective average particle size selected from the group consisting of less than about 400 nm, 
less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 50 nm. 

106. (Previously Presented) The method of claim 43, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 10 microns. 

107. (Previously Presented) The method of claim 106, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 6 microns. 

108. (Previously Presented) The method of claim 43, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

109. (Previously Presented) The method of claim 43, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 5 to about 100 |j,m. 
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110. (Previously Presented) The method of claim 109, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 30 to about 60 |xm. 

111. (Previously Presented) The method of claim 44, wherein the drug is selected from the group 
consisting of proteins, peptides, elastase inhibitors, analgesics, cystic-fibrosis therapies, asthma 
therapies, emphysema therapies, respiratory distress syndrome therapies, chronic bronchitis therapies, 
chronic obstructive pulmonary disease therapies, organ-transplant rejection therapies, therapies for 
tuberculosis and other infections of the lung, fungal infection therapies, and respiratory illness 
therapies associated with acquired immune deficiency syndrome, an oncology drug, an anti-emetic, 
and a cardiovascular agent. 

112. (Previously Presented) The method of claim 44, wherein the nanoparticulate drug particles 
have an effective average particle size selected from the group consisting of less than about 400 nm, 
less than about 300 nm, less than about 250 nm, less than about 100 nm, and less than about 50 nm. 

113. (Previously Presented) The method of claim 44, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 10 microns. 

1 14. (Previously Presented) The method of claim 113, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 2 to about 6 microns. 

115. (Previously Presented) The method of claim 44, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of less than about 2 microns. 

116. (Previously Presented) The method of claim 44, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 5 to about 100 jam. 

117. (Previously Presented) The method of claim 116, wherein the aggregates of the nanoparticulate 
drug particles have a mass median aerodynamic diameter of about 30 to about 60 |j,m. 
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118. (Previously Presented) The aerosol composition of any one of claims 14, 25, 71, 73, 75, 77, 79, 
81 , or 83 wherein the drug is selected from the group consisting of a bronchodilator, a corticosteroid, 
and an anti-fungal. 

119. (Previously Presented) The method of any one of claims 90, 97, 104, and 111, wherein the drug 
is selected from the group consisting of a bronchodilator, a corticosteroid, and an anti-fungal. 

120. (Previously Presented) The aerosol composition of claim 14, wherein the drug is selected from 
the group consisting of beclomethasone dipropionate, naproxen, triamcinolone acetonide, 
budesonide, and an anti-emetic. 

121 . (Previously Presented) The aerosol composition of claim 25, wherein the drug is selected from 
the group consisting of beclomethasone dipropionate, naproxen, triamcinolone acetonide, 
budesonide, and an anti-emetic. 
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Test Method B527-93(2000)el Standard Test 
Method for Determination of Tap Density of Metallic 
Powders and Compounds 

Copyright 2001 AMERICAN SOCIETY FOR TESTING AND 
MATERIALS, West Conshohocken, PA. All rights reserved. 

1. Scope 

1.1 This test method specifies a method for the determination of 
tap density (packed density) of metallic powders and compounds, 
that is, the density of a powder that has been tapped, to settle 
contents, in a container under specified conditions. 

1.2 This standard does not purport to address all of the safety 
concerns, if any, associated with its use. It is the responsibility of 
the user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 

B212 Test Method for Apparent Density of Free-Flowing Metal 
Powders 

B215 Practice for Sampling Finished Lots of Metal Powders 

B243 Termninology of Powder Metallurgy 

B329 Test Method for Apparent Density of Powders of Refractory 

Metals and Compounds by Scott Volumeter 

B417 Test Method for Apparent Density of Non-Free-Flowing 

Metal Powders 

B703 Test Method for Apparent Density of Metal Powders Using 
the Arnold Meter 



Index Terms 

apparent density; bulk density; density; density ratio; metal 
powders; packed density; powder metallurgy; tap density 
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INSTRUHCni 



Autotap and Dual Autotap 



The apparent densities of 
powdered, granular of flaked 
materials are highly dependent on 
the manner in which the particles 
are packed together. During 
tapping, smaller particles 
distribute into the spaces 
between larger particles. 
Gradually particles pack more 
efficiently, the powder volume 
decreases and the tap density 

increases, often by 50% to 100%. 

For this measurement, 
Quantachrome has developed 
two instruments which conform to 
the British Pharmacopoeia 
method for Apparent Volume and 
ASTM standard test methods 
B527, D4164 and D4781 for Tap 
Density. These two models, the 
Autotap and the two sample 
Dual Autotap, automate the 
required procedures to provide 
accurate, reproducible values. 




Samples are placed in standard graduated cylinders and mounted on a universal tap platform 
designed to accommodate cylinders from 10 ml to 1000 mL Rotation of the tap platform facilitates 
reading by keeping a fiat interface. After noting the initial volume and weight of the material, tapping 
is started. 

If the material characteristic is unknown, tapping may be done continuously, or step-wise by user 
specified numbers of taps, while noting or graphing the results until the volume becomes constant In 
either case the number of taps Is displayed. Once the material characteristic is known the proper 
number of taps, typically thousands, can be preset on subsequent runs thus freeing the operator for 
other work. _____ 



Specifications 
Graduated Cyllnders(s) 
Cam Shaft Speed 
TapStrok Travel 
Electrical . 
Tap Counter 



250 mT 


Dimension 


Length 


Width Height 


260 rpm 


inches 


11 


21 


6 


0.125 inch, 3.18 


centimeters 


28 


54 


15 


115 V. 60 Hz 


Weight 


SINGLE 




DUAL 


4 digit (0-9999) 


pounds 


25.1 




27.9 




kilograms 


11.4 




12.7 



http ://www .quantachrome. com/Density/Autotap . htm 



05/01/2001 



(****) fS^^jCZZZZ]® 



Home | About Us I Technologies | instruments | Lab Services I Feedback I Careers \ Directory I 
Q Quantachrome Corporation, 1999. Ail Rights Reserved. Contact Quantachrome. 

| Problem Reports: \Atebmaster<aQuarriachfpnie.coml Spegfipafon Nqfog I 



Site Designed and Hosted b v «AW. Inc . 



http://www.quantachrome.com/Density/Autotap.htm 



05/01/2001 





Optimal Taooed 

[tensity Tester Accessories 

Information Request Form 



Ogtlmanjagged^ 




Available in USP or ASTM versions, our dual 
platform Optimal Tap Density Testers offer a 
standardized and repeatable method for 
measuring tapped or packed volumes of 
powders and granulated or flaked materials. 
Our microprocessor controlled USP model 

features a rotating platform for simultaneous 

tapping and rotation of the cylinder to ensure a level reading. 
The USP version provides a 5/8-inch vertical drop per tap at 300 
taps per minute and includes one 100 ml funnel top graduated 
cylinder per platform. Our ASTM version (which complies with 
the American Society for Testing and Materials Standards) 
features a non-rotating platform, a 1/8-inch vertical drop per tap 
at 250 taps per minute, and one 250 ml graduated funnel top 
cylinder per platform. ASTM method 04164-82 is for testing 
catalyst particles and requires a 250 ml cylinder and platform; 
B527-93 involves metalBc powders and compounds and requires 
a 100 ml cylinder and platform 

All of our Tap Density Testers have digital LED displays and 
user selectable counter or timer operation. The embedded 
seated membrane keypad is impervious to dust and particles 
and can be used to calculate density measurements. The units 
can be programmed to any number of taps or time period 
required. An optional thermal printer records program test 
conditions, time, date, and density measurements. 

Tap Density Tester, USP 24 / NF 19 

Includes dual rotating platform drive units and two 100 ml 
graduated funnel top cylinders (dass B). 
400-001 115V, 60Hz, dual platform, USP 
400-002 230V, 50Hz. dual platform. USP 



Tap Density Tester, ASTM 

Includes dual non-rotating platform drive units and two 
graduated funnel top cylinders (dass B). 
400-003 1 15V, 60Hz, dual platform, ASTM with 250 ml 
graduated cylinders 

400-004 230V, 50Hz, dual platform, ASTM with 250 ml 
graduated cylinders 

400-006 115V, 60Hz, dual platform, ASTM with 100 ml 
graduated cylinders 

400-007 230V, 50Hz, dual platform, ASTM with 100 ml 
graduated cylinders 



http://optimalcontrol.com/tapped.html 
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IAA24 are likely participants in auxin gene 
regulation through the TGTCTC elements. 
A single copy of ER8 was a more active 
AuxRE than other constructs that con- 
tained two copies of TGTCTC (3, 11) and 
could represent the perfect palindromic 
AuxRE, similar to the perfect palindromic 
ORE (4). 

As the COOH-terminal fkxa-niotif has 
no apparent effect on ARF1 binding to 
DNA, what might be its function? We used 
the COOH-terminal region of ARFl as bait 
in a yeast two-hybrid screen (14) and isolat- 
ed two identical cDNA clones from an Ara* 
bidopsa cDNA expression library. The trans- 
lated open reading frame encoded a protein 
(ARFl -Binding Protein or ARFl -BP) that 
contained a region with amino acid se- 
quence similarity to boxes HI and IV of 
ARFl (Rg. 2, A and C). ARFl-BP showed 
less similarity to boxes 111 and IV in Aux/ 
IAA and 1AA24 proteins. Thus, boxes 111 
and IV in ARFl may facilitate interaction of 
ARFl with ARFl-BP, and these interactions 
may contribute to auxin responsiveness. 

Genetic approaches to dissect the auxin 
signal transduction pathway have resulted 
in the cloning of AXRJ, AUX! f and book- 
less J genes (15). Identification of the rele- 
vant transcription factors should facilitate 
elucidation of the mechanisms involved in 
aux in- regulated gene expression. 
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Large Porous Particles for 
Pulmonary Drug Delivery 

David A. Edwards,* Justin Hanes, Giovanni Caponetti, 
Jeffrey Hrkach, Abdelaziz Ben-Jebria, Mary Lou Eskew, 
Jeffrey Mintzes, Daniel Deaver, Noah Lotan, Robert Langer* 

A new type of inhalation aerosol, characterized by particles of smaD mass density and 
large size, permitted the highly efficient delivery of inhaled therapeutics into the systemic 
circulation. Particles with mass densities less than 0.4 gram per cubic centimeter and 
mean diameters exceeding 5 micrometers were inspired deep into the lungs and escaped 
the lungs' natural clearance mechanisms untfl the inhaled particles delivered their ther- 
apeutic paytoad. Inhalation of targe porous insulin particles resulted In elevated systemic 
levels of insulin and suppressed systemic glucose levels for 96 hours, whereas small 
nonporous insulin particles had this effect for only 4 hours. High systemic bioavailability 
of testosterone was also achieved by Inhalation delivery of porous particles with a mean 
diameter (20 micrometers) approximately 10 times that of conventional inhaled thera- 
peutic particles. 



Inhaled aerosols are effective therapeutic car- 
riers for the treatment of respiratory inflam- 
mation (I), cystic fibrosis (2), and other lung 
disorders (3); they also offer potential for non- 
invasive syscemic delivery of peptides and pro 
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teins (4). Local and systemic inhalation ther- 
apies can often benefit from a controlled re- 
lease of die therapeutic agent (5), as is achiev- 
able with die use of biodegradable polymeric 
materials (6). Slow release from an inhaled 
therapeutic particle can prolong the residence 
of an administered drug in oSe airways or acini 
and can diminish oSe rate of a drug's appear- 
ance in the bloodstream (7). Also, patient 
compliance increases when dosage frequency 
is reduced (7). 

The human lungs, however, have efficient 
means of removing deposited particles over 
periods ranging from minutes to hours. In the 
upper airways, ciliated epithelia conoibute to 
the "mucociliary escalator" (8), by which par- 
ticles are swept from the airways toward die 
mouth. In die deep lungs, an army of alveolar 
macr ophages is capable of phagocytosing par- 
ticles soon after their deposition (9). An ef- 
fective slow-release inhalation therapy there- 
fore requires a means of avoiding or suspend- 
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Rg. LConfocal micros- 
copy Images of W po- 
rous PLGA and (B) po- 
rous PLAL-Lys particles. 
Fluorescein tsotWocya- 
nate-dextran was en- 
capsulated In the FL8A 
particte to render the 
pom spaces of the para- 
de vfetote In the fiuores- 
cent confocal imaga 
The PLAL-Lys particles 
were flutsrescenfly la- 
beled through the reac- 
tion of modamto iso- 
thtocyanate wtth tystne 
emine groins on ttasurlac* erf ^ 

evidenced by the appearance of fluorescence throughout the particte structure, 




ing the kings' natural clearance mechanisms 
until encapsulated drugs have been effectively 
delivered 

Until now, therapeutic dry powder aero- 
sob have been made with panicle mass den- 
sities (p) of M 1 05 g/cra 3 and mean geo- 
metric diameters (d) of <5 pm to avoid ex- 
cessive deposition in the dry powder inhaler 
(DPI) and oropharyngeal cavity (5, 10). Here, 
we show (hat very light particles (p < -0.4 
g/cm 3 ) with d > 5 pm can be deposited in die 
km^. As a consequence of their large size and 
low mass density, porous panicles can aerosol- 
ize from a DPI more efficiently than smaller 
nonporous particles, resulting in higher respi- 
rable fractions of inhaled rherapeutks. Also 
by virtue of their she, large particles can avoid 
phagocytic clearance from the lungs until the 
particles have delivered their therapeutic 
dose; this attribute can be particularly useful 
for controlled-release inhalation therapies. 

To assess the merits of large porous parti- 
cles for pulmonary drug delivery, we encapsu- 
lated model dierapeuncs inside porous parti- 
cles (Fig. 1A) composed of 50:50 poty(lacric 
acid-co-glycolic acid) (PLGA). Double- and 
single-emulsion solvent evaporation tech- 
niques (II) were used to prepare porous and 
nonporous PLGA particles, respectively. Po- 
rous and nonporous particles of similar aero- 
dynamic diameter (12), loaded with -15 
weight % model therapeutic (cescoscerone), 
were aerosolized into a cascade irnpactor sys- 
tem (13) from a Spinhafer DPI for 30 s at an 
airflow rate of 28J liter/min. The cascade 
irnpactor provides an in vitro system for esti- 
mating the respirable fraction of a dry powder, 
it consists of a closed chamber within which 
flat plates are arranged perpendicular to the 
airflow, such that particles deposit stagewise 
in a manner reflective of their aerodynamic 
diameters. After deposition on the stages of 
the impactor, particles were collected (13) 
and total particle mass was assessed stagewise; 
the respirable fraction was determined as the 
percent of total particle mass exiting die DPI, 
recovered from die terminal, "respirable" stag- 



es of the irnpactor. Nonporous particles [d 6 
3i pro, p = 0.8 g/cm 3 (14)] exhibited a 
respirable fraction of 205 ± 35%, whereas 
50 ± 10% of porous particles (d = 8.5 jun, p 
b 0.1 g/cm 3 ) were respirable, even though the 
aerodynamic Hi ? m»rw« (12) of the two parti- 
cle types are nearly identical. The large porous 
particles' high efficiency can be attributed to 
their smaller surface-to- volume ratio. Large 
particles aggregate less than small particles, all 
other ccmsiderations being equal (15, 16); 
thus, while both have identical aerodynamic 
diameters, the large particles tend to exit 
the DPI more generally as single particles. 
The. smaller particles aggregate more, lead- 
ing to their deposition by gravity and iner- 
tia before reaching die "respirable" stages of 
the irnpactor. 

To assess the influence of particle compo- 
sition, we aerosolized a second type of porous 
particle (Fig. IB), composed of poryflaede 
add-co-lysirte-grirj^^ (FLAL-Lys) {11). 
The PLAL-Lys particles exhibit some hygro- 
scoptcity, possibly a result of their lysine con- 
cent, whereas the PLGA particles do not 
Porous PLAL-Lys aerosols (d = 8.2 Jim, p < 
0.1 g/cm 3 ) exhibited an in vitro respirable 
fraction (57 ± 1.9%) similar to that of the 
porous PLGA particles (50 ± 10%), which 
suggests that absolute particle mass density, 
rather than particle chemistry or hygroscopic- 
iry, is the prime determinant of the relatively 
high respirable fractions observed for the large 
porous particles. The values of 50 £ 10% and 
57 ± 1.9% for porous particles exceed com- 
parable respirable fractions obtained in recent 
aerosolization studies (15) performed with 
mannitol (4 ± 0J%) and recombinant hu- 
man granulocyte colony-stimulating factor 
(blended with mannitol) (34 1 2%) powders 
using a Spinhaler DPI at a similar airflow rate 
(30 liter/min). 

To determine whether the relatively effi- 
cient in vitro aerosolization of large porous 
particles translates into improved respirable 
fractions in vivo, we aerosolized porous and 
nonporous particles into the airways of rats 
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Rg. 2. Total parttde recovery in rat fungs after 
brorwhoaVeolar lavage. Lobe numbers corre- 
spond to(1)teft tung, (2) anterior, (3) median, (4) 
posterior, and (5) postcaval. For porous PLAL-Lys 
particles, d = 6.9 s 4.2 um end p » 0.1 g/cm 3 . 
For rwiporous PLA rjartfctes, d « 61 ± 02 um 
and p = 0.94 cyan 3 . Means and SEs are based 
onn° 4. 

(17). During forced ventilation, rats were ex- 
posed to porous or nonporous particles; bron- 
choalveobr lavage was used to collect parti- 
cles deposited in the trachea as well as in the 
airways and acini (18). The nonporous parti- 
cles deposited primarily in the trachea (-79% 
of all particle mass that entered the trachea), 
whereas only 46% of die porous particle mass 
deposited in the trachea. Particles remaining 
in the rat lungs after bronchoalveolar lavage 
were obtained by careful dissection of the , 
individual lobes of the lungs In subsequent 
experiments (19) (Fig. 2). The absolute num- 
ber of porous particles remaining in the lungs 
was approximately an order of magnitude 
greater than the cot responding number of 
noriporous particles. 

The role of bw mass density in rendering 
large particles respirable can be understood in 
terms of the particles' mean aerodynamic di- 
ameter (12). Relatively large particles with 
high porosity have the same aerodynamic di- 
ameter as smaller, nonporous particles; these 
larger particles can enter the lungs because 
particle mass dictates the location of aerosol 
deposition in the lungs* The increased aen> 
soluation efficiency of large, light particles 
lowers the probability of deposition losses be- 
fore particle entry into the airways, thereby 
increasing the systemic bioavailability of an 
inhaled drug. 

To test whether large particle size can 
increase systemic bioavailability, we encapsu- 
lated insulin into porous and nonporous poly* 
meric particles. We designed the mass densi- 
ties and mean diameters of the two particles 
such that they each had an aerodynamic di- 
ameter (—2 tun) suitable for deep lung dep- 
osition ( 1 2) ; the mean diameters of the porous 
and nonporous particles were >5 ujn and <5 
jim, respectively (Fig. 3, A to C>. Identical 
masses of the porous or nonporous particles 
were administered to rats as an inhalation 
aerosol or injected subcutaneously (controls) 
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(20) . Serum insulin concentrations were 
' monitored as a function of time after inhala- 
tion or injection. For both porous (Fig. 3A) 
and rtonporous (Fig. 38) particles, blood lev- 
els of insulin reached high values within the 
fust hour after inhalation. Only with targe 
porous particles did blood levels of insulin 
remain elevated (P < 0.05) beyond 4 hours, 
with a relatively constant insulin release con- 
tinuing to at least 96 hours (0.04 < P < 0.2). 
These results were confirmed by serum glu- 
cose values (Fig. 3C), which show falling glu- 
cose leveb for the fust 10 hours after inhala- 
tion of the porous insulin particles, followed 
by relatively constant low glucose leveb for 
the remainder of the 96-hour period [for small 
rtonporous insulin panicles, initially sup- 
pressed glucose values rose after 24 hours 

(21 ) ]. Similar biphasic release profiles of mac- 
romolecules from PLGA polymers have been 



reported (22). For the large porous particles, 
insulin bioavailability relative to subcutane- 
• ous injection (23) was 87.5%, whereas the 
small nonporous particles yielded a relative 
bioavailability of 12% after inhalation. By 
comparison, bioavailability (relative to subcu- 
taneous injection) of insulin adrninistered to 
rats as an inhalation liquid aerosol has been 
reported as 373% using a similar endotrache- 
al method (24). The absolute bioavailability 
of insulin inhaled into rat tungs in the form of 
a lactose-insulin powder through a DPI con- 
nected to an endotracheal tube has been re- 
ported as 6*5% (25). The longest sustained 
insulin release previously reported (6 hours) 
was achieved using liposomes intratracheally 
instilled into rat lungs (26). 

Given the short systemic half-life of insu- 
lin (11 min) (27) and the 12- to 24-hour time 
scale of particle clearance from the central 
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R9. 3. Systemic concentrations fri rats after ad- 
rTtfrostratton of porous and nonporous therapeutic 
parocsss. (A) Serum Insulin concentration after in- 
halatfon and subcutaneous Injection of 9 mg of 
targe porous insufin partteies. No tnsufin partictas 
were aorrdnistered to nontreated controls. Porous 
particles contained tnsufin (20.0 weight %) and 
50:50 PLGA (80.0 weight %) [1 1), Their maan d 
and values were 6£ inn and 2.15 tun, re- 
spectively. Means and SEs are based onn « 3. 
(B) Serum InsuSn concentration after inhalation 



and subcutaneous injection of 9 mg of smaJ] nonporous fnsuJln pa/tides. No insufin partictes were 
administered to nontreated controls. Nonporous partictes contained tnsuQn (10.0 weight %) and 50:50 
PLGA (90.0 weight 7). Their mean dand cf w values were 4.4 jim and 2.15 pm, respectively. Means 
and SEs are based on n ■ 3. (O Serum gsxose concerroBtlon after inhalation of 9 
insulin particles or 9 mg of small nonporous insuCn particles. No insuRn partides were administered to 
nontreated controls. Means and SEs are based on n « a P Serum testosterone coricentretton after 
ac/rdrtstration of 6 mg of porous testosterone partictes (d » 20.4 ^m) as an inhalation powder and as 
a subcutaneous control. Particles contained testosterone (1 5 weight %}, 50:50 PLGA (76.5 weight %), 
and PLAL-Lys (8.5 weight %), For the dry powder, p » 0.1 g/crrr 1 . (E) Same as (D) but with smaSer 
porous testosterone particles (d° 10.1 mM- 



and upper airways (5), the appearance of ex- 
ogenous insulin in the bloodstream several 
days after inhalation appears to indicate that 
large porous particles achieve long, nan* 
phagocytosed lifetimes in the deep lungs. To 
test this hypothesis, we lavaged (18) the lungs 
of rats immediately after inhalation of the 
porous and nonporous insulin particles as well 
as 48 hours after inhalation. For rwruxnous 
particles, 30 ± 3% of phagocytic cells con- 
tained particles immediately after inhalation, 
and 39 ± 5% contained particles 48 hours 
after inhalation. By contrast, only 8 ± 2% of 
phagocytic cells contained targe porous parti- 
cles immediately after inhalation, and 12J ± 
3.5% contained particles 48 hours after inha- 
lation. For small nonporous particles, 17 J £ 
15% of the phagocytic cell population con- 
tained three or more panicles 48 hours after 
inhalation, compared with 4 £ 1% for large 
rtonporous particles. Inflammatory response 
was also elevated with small nonporous parti- 
cles; neutrophib represented 34 ± 12% of die 
phagocytic cell population 48 hours after in- 
halation of the small nonporous particles, 
compared with 85 ± 35% for large porous 
particles (alveolar macrophages represented 
100% of cells measured irrunediatery after in- 
halation). These results are consistent with 
those of in vino experiments showing that 
phagocytosis of particles diminishes precipi- 
tously as particle diameter increases beyond 3 
pm (28). 

To further detennine whether increased 
bioavailability correlates with increasing size 
of porous panicles, we encapsulated a second 
model diugj testosterone, in porous particles 
of two different mean geometric diameters 
(10.1 and 20.4 jira). An identical mass of 
powder was administered to rats as an inhala- 
tion aerosol or as a subcutaneous injection 
(controls). Serum testosterone concentrations 
were monitored as a function of rime after 
inhalation or injection (Fig. 3, D and E). 
Blood leveb of testosterone remained well 
above background levels (P < 0.05) for 12 to 
24 hours, even though the systemic half-life of 
testosterone is 10 to 20 min (27). Testoster- 
one bioavailability relative to subcutaneous 
injection was 177% for the 20.4-uiivdiameter 
particles (Fig. 3D) and 53% for the 10.1-u.m- 
diameter particles (Fig. 3E). The increase in 
testosterone bioavailability with increasing 
size of porous particles b especially notable 
given that the mean diameter of the 20.4-jun 
particles is MO rimes that of rtonporous con- 
ventional therapeutic particles (5, 10). The 
relatively short time scale of testosterone re- 
lease observed for both the inhalation and 
subcutaneous concrob is near the in vino time 
scale of release (several hours) reported else- 
where for 50:50 PLGA mtcroparrkles of sim- 
ilar size encapsulating a therapeutic substance 
(bupivacaine) of similar molecular weight and 
lipophilicity (29). 
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, Porous panicles comprising cherapeurib 
and pharmaceutical excipients can easily be 
formed by spray-drying (30), rapid expansion 
of supercritical fluids (3 J ), and other particle 
formation technologies. Hence, they can im- 
mediately address a variety of needs as ther- 
apeutic cameo for inhalation therapies. 
Their potential for high aerosoluarion effi- 
ciency, long-term drug release, and increased 
systemic bioavailability makes large porous 
particles especially attractive for systemic in- 
halation therapies. 
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p Nort n,Lu A Campbell (1962) reported the single-crystal 
data for a series of androstanes. This paper reports the same 
data for a second set of androstanes (Table 1) using the 

• This investigation was supported in part by Public Hearth 
Service Research Grant CA-06183 from the National Cancer 
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Formula 
MoL Wt 
Dm (gxnr*) 
Dx (g-cro-J) 
Space group 

Z 

e(A)« 

m 

Solvent 



same techniques described in the earlier paper. No further 
work on these compounds is contemplated. 

Reference 

Norton, D. A^ Oj, C T. ft Campbell, A. E (1962). Acta 
07**15,1189. 



Table 1. Crystal data (D) for some androstanes 



1 

C19HJ5O2 
286-40 
1-178 
M75 
P2,2,2i 

4 

12-963 
16-929 
7-366 

1619 
Ethanol 



2 

C19H26O1 
286-40 
M64 
M74 
P2|2,2 



Ci»Hzt02 
288-41 
1147 
1143 
A2 



4 

Ci^HzsOi 
288*41 
1186 
1177 
P2i 



4 4 4 

12-302 21-337 14-691 

18-644 6*186 11-093 

7065 12-704 10-872 

- 91-27 113-23 

1620 1676 1628 

Methanol Unknown Methanol Ethanol 



5 


6 


7 


8 


9 


Ci»HjoOj 




Ci 9 H 2 40j 


CuHyfO, 




29043 


290-43 


300-38 


330-45 


394-53 


1132 


1147 


1-264 


1-162 


1-148 


1103 


1-084 


1-253 


1-201 


1-207 


«i 


W,2, 


«,2,2, 


^2,2,2, 




2 


4 


4 


4 


2 


11*614 


12146 


9-263 


12*800 


10-860 


8-096 


23-434 


26-531 


18169 


16-241 


9-422 


6-248 


6-477 


7-856. 


6-236 


99-23 








- 99-17 


874 


1779 


1592 


1B27 


1086 


Ethanol 


Ethanol 


Methanol— Methanol 


Ethanol 






acetone 







• ±0009 A 



). 4-Androsten-3,17-dione (androstencdione) 

1 l v 4-Androstadtei>-17l-ol-3-one (1-dehydrotestosierone) 

3. 5^todrostaa-3 f l7-dione (an4rostanedione) 

4. 4-Androsten- 1 7£«>l-3-one (testosterone) 

5. 5c^Ajio>ostan-17^ol-3-onc (aUodihydrotestosterone) 
6 5-Andro$ten-3£ 17£diol (adrenosteotdiol) 

7. 4-Androsten-3Jl,17-trione (adrcnosteront) 

8. 4-Androsteo-170-oI-3*one 17-acetate (testosterone acetate) 

9. 5a-Aofrostan-17£«I-3-oae 17-bcnzoate (dibydrotestostenme benzoate) 
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An X-ray investigation of the stereochemistry of ZnCNCSMCdlsNH^ By T. M. Shepherd and Ida Wood- 
ward, Chemistry Department. Queen's University 0/ Belfast. Belfast. Northern Ireland. 



(Received 22 June 1964) 



The stereochemistry of the complex Zn^NCSMCflHjNHpj 
is of interest in connection with studies in these laboratories 
on the factors governing the configuration of metal com- 
plexes. Nelson ft Shepherd (unpublished work) have estab- 
lished, from mpgr***? and spectral data, that the correspond- 
ing Co(II) and Nifll) complexes have octahedral (or tetrag- 
onal) structures with bridging NCS groups. X-ray powder 
patterns show that these and the c or re sp o nd in g CdCD) 
complex are isomorphous, but that ZnCNCS)i(C«HjNH^j 
has a different crystal structure. An attempt to determin 
this structure sufficiently to establish the coordination num- 
ber of the zinc atom is described here 

Single crystals obtained by recrystallization from ethanol 
were used. These were iieedle-ihaped, approx 1-5 mm long. 



and 0-3 mm in cross section. The needle axis being taken 
as the c axis, rotation photographs with Ox Ka radiation 
about the [001] and [110] axes and Laue photographs 
showed the unit ceB to be orthorhombic with the cell 



aal4-56±O*05 A 
6= 9*10±0*W 
c= 12-7±0-l 

The values f a and b were derived from the observed 
spacing* of 39 AW reflexions, and their uncertainties ait 
an estimate based on the standard deviations of the ob- 
served and calculated values, c was obtained from layer 
line measurements of a rotation photograph. 
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Acta Gjw. (1910). BZ6, IJB4 
rOysuDographlc data for testaster ne hydrate aad anhydrale. fly A.L.Thajuab n n io«, u a d . 

{Rtcttxwt IS January 1970) 

d^Tcl^.'ra? JP-JP/ -U. four mofecuk, in.uni.cel! h.™, «* 
«i with four molccLla in the ^ ^ Jf"^™ "J**"** » the «»« gfoup 

and J-IHW. umi «u. int proper cdl dimauiom are o= 14-45, 6=11-09, c~ir>&8A 



In a previous study oa the solution behavior erf testosterone 
u ' agueouj media, conversion of the anhydrate form to a 
hydrate was reported (Thakkar A HaD, 1969). Since 
testosterone is a natural hormone and exists in an aoueons 
environment, characterization of this form is impWnT 
£ S£ rePOrt **" ° yaall0graphic P«^»af 
taaU smgle<rvsials were grown by a continuous fall 

T^J^,*^*" 1 «? eou » " Iution «ooW from 330 
» »S C at 0-|°C per hour. Elemental analysis. Karl 
Fischer titration and ttornogravinwric anah^howed 
ftbcrystaihne form to be the nitmohydiatfc^ 

.J™™ Weusenherg and precession photographs taken 
« , , , rad,al ? on ** «P»« group has been found to be 
^2.2, Orystemauc absences : A00, OW, andOO/ro, A,*or/ 
ooai, there are four molecules in a unit-cell havina the 
toewom ««- 13*3. o- 15-95 and ^-M^ThS? 
masured by displacement is 1-18] g.cm-», which agrees 
wefl^w^ute calculated density for CH^.HjOof 



«^, f„f KU*™ "* tave "wuwed the crystal parsm- 
etas. Tor .anhydrous testosterone and have obuined^X 

09^ ^.L" ""^ rep S^ °y Bernal A Crowf„ 
u ^,^^ ( f°, u . p » «• with four molecules in. 
unit-ecu having the dimensions o» M-73 aaii-m 
10-W A and #0113.3., which asje. fcft teU wftn £ 
vahwgrven by Ohrt. Haner & Norton (196* Ttae? 
however, an alternative cell with fctecr loV. The dirW 

and fi-UO-y. These celb give a calculated density of 
I^; i £j m "/ » ietauical with the experimental* 
measured value given by Bemal & Crowfoot. ^ 

«_™. m< ^. pow ? £f ^ these two forms of testo- 
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Bnuui, J. D. & CaowfooT, d. (1936). * Krtudlcgr.n, 

°a£l:i9?m Ma ' * *" * NoilT0N - a A ' (,9<5 >- 

Thakkar, A. L 4 Hau, N. A. (1969). J. nam. Set SB, 



Cryw. (1970). B26\ 1184 

C ^^^^ " S MBUAW ^ ° S «---^^- ^^o^Wr^ nt* 

(fUctivtd 20 January 1970) 
f^^^^l.of^Fe.0. which ecu™, ,wo formuU u.iu. .re .= 



R.r££^ r 5? on L on ««* Phase ec^ormm diagram. 
BaO-SrO-FeiOi, shows that a new stable conwundL 
having the composition RaSrFejO,. may occur IsasZfc 

JJ»^Uon •« «bo»t 1200'C and meoTuSoagruently 

^io^K CS *^ fid that thu new phase forms a solid 
the binary compound BaFeiOt, which is 
«Po«ed to he orth rhombic (Okaxaki, Mori & MHsuda. 



i^SiiSf 1 ?!? * JS?tt»«. '965) They display complete 
sotobar, above 1200'C whereas at low., timpemW. 
lolid-iolution gap or moreasing width was reported 

Single crystals of BaSrFcO, were gr wn, by solid-slate 
wa ^fromapieste4peuetmixture f IBaCO,: ISrOOi: 
it-e&, which was heated on a platinum strip in a resistance 
£r£",»l™<< 950-C. The sintered pellet was^iund 
ana renrcd to assure complete reaction. The miaocryslal- 
imespeconenwasbr ught to 1200'C and left in the furnace 
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Crystal data (IT) for some estrone-related c mp unds.* By Jbah M. Orrt, Bajuuba a. Hahib, and 

Dobita A. Norton, Department qf Biophysics, RoswU Park Memorial Institute, Buffalo, New York, U.S.A. 

{Received 1 May 1664) 
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| The lattice constants of eleven estrone-related com- 

1 pounds (Table 1) were determined on a General Electric 
XRD 5 X-ray diffraction unit equipped with a goaioatat 
using CoiTa radiation. Space groups were establis he d 

; on the basis of systematic absentee and optical activity. 

All crystals were grown from solution. Flotation 
density measurements were used to calculate (he Dumber 

t of molecules per unit eeD. Hie high discrepancy between 
the measured (D B ) and calculated (D s ) densities of 
compound (3) is due to the crystallization of one molecule 
of ethanol per molecule of steroid. The density calculated 

> taking the solvent of crystallization molecules into 



consideration is 1151 gxm~* which agrees with the 
measured density. All of the other measured and cal- 
culated densities also agree within the experimental 
error (4-0%). 

Compounds (1) and (2) each crystallized in two forms. 
Both of the (o) forms had similar but non-isomorphous 
unit cells. Compounds (2) and (3) are isomers but do not 
form isomorphous crystals. 



* This investigation was supported in part by P.H.S. 
grant CY-06183 from the National Cancer Institute, Public 
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Table 1. Crystal dam (II) /or some cstrvne-rtlatcd compounds 

(1) (a),(fr) 1^10)-Estra4ries.3^-17*Be 

(2) (e),(6) l r 8p5(10)'Eatrmtrien.3,17a^iol 

<3) l v M10).Estntrien.3,l7^^hol 

(4) 1.3^(lO>.EttretRBn-3,I7l4iQ) 3-methyl ether 

(6) M^10).£stmtrien.3,17^diDl 17-aeetate 

(6) I^^£stratrieaa7a-e«hiny|.3 > 17/l-dio] 3-methyl ether 

<7) 13^L0)-£eteatrien.8 t 17aHliQldiaeetate 

(8) 13^10)*EawatrieB*M-17Kme trimethylacetate 



CuBmO. 
272-39 
114, 
0-985 

«A2 
4 

12-241 
23-215 





(10) l r 3^IO)-Sstre£rien*3,17^diol diproptonate 




(11) l r 3^10)-EBtvBtrien.3,17^-dio] 3-benxoate 




l(o) 


1(6) 


2(o) 


2(6) 


Formula 






CiA.0, 


CuBuOt 


Moiwt. 






272*39 


272-39 


D m (gxsm-*) 


117, 


124, 


120, 


120, 


D x (gxm-*) 
Space group 


1-220 


1-249 


1*190 


1-190 




«A2. 




C2 


£(cal&) 


4 


4 


4 


4 


«<A)f 


9-297 


HMW1 


9-127 


16-212 


*(A)t 


23317 


16-440 


23-293 


7-132 


«<A)t 


7-662 


7-765 


7-238 


18-422 


£ n , 


112-28 




-98-78 


124-25 


volume (A 1 ) 


1471 


1437 


1521 


1620 


Solvent 


Methanol . 


Acetone 


Methanol 


Methanol 



1837 



S 66*42 
1-20, 
1*186 

14-004 
36-458 
6-470 

3213 



5' 

314-43 
120, 
1-220 

P22,2 

13-803 
16-912 
7-331 

1711 



t ±<H>07. 



Formula 
MoL wt» 
D« (gxm-») 
D % fccsT*) 
Space group 
Z (cala.) 
•<A)t 
6<A)| 
«(A)t 
• fiC) . 
Volume (A*) 
Solvent 







Table 1 (com.) 








6 


7 


8 


9 


10 


11 




CaAtO, 


w, 




C*H„0 4 


C»B»0. 


810-44 


856-47 


354-49 


356-61 


384 62 


370-50 


122, 


120, 


MS, 


114 4 


1-20, 


1-21, 


1 217 


1-246 


1175 


1-163 


1*182 


1-261 










«■ 


««2.2. 


4 


4 






4 


4 


6-698 


6-663 


20-704 


16-805 


2303ft 


13-331 


39-737 


29-390 


7-816 


9-714 


9-057 


23-646 


6-871 


7-460 


6-781 


6*356 


10-352 


6-286 


117-68 




102-61 


98-86 


96-36 




1694 


1899 


1003 


1027 


2160 


1998 


Heptane 


Methanol 


Propa&ol 


Heptane- 
acetone 


Acetone- 
methaaol 


95% Ethano) 



t ±<MXW. 
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Atomic Co^#rttxnates 



*/*(*) 2/4(ff) »/c(0) 

0(1) 0.3281(1) 0.5307(2) 0.2241(1) H(j) 

0(2) 0.3341(1) 0.4496(2) 0.50l6{l) K(4) 

0(3) 0.2849(0 0.9869(1) 0.554KD R(5) 

C(l) 0.3217 ( 0 0.8932(2) 0.4060(1) H(6) 

C(2) 0.3127(1) 0.9193(2) 0.3132(l) H(7) 

C(3) 0.3145(1) 0.8002(2) 0.2510(1) H(8) 

C(4) 0.3255(D 0.6537(2) 0,2815(1) B(9) . 

C(5) 0.3343(0 0.6241(2) 0.3748(1) B(l») 

C(6) 0.3323(0 0.7455(2) 0.4358(1) H(ll) 

C(7) 0.3206(1) 1.0240(2) 0.4744(1) H(l2) 

C(8) 0.3853(1) 1.0616(2) 0.5071(2) H(13) 

H 0.3852(1) 1.1903(2) 0.5708(1) H(U) 

C(9) 0.4464(1) 1.2314(2) 0.6115(2) H(l$) 

C(10) 0.4331(2) 1.3530(5) 0.6815(3) B(16) 

C(U) 0.4779( 0 1.0981(3) 0.6584(2) B(17) 

C(12) 0.4877(1) 1.2927(4) 0.5357(3) B(l8) 

C(13) 0.3445( 0 0.4625(2) 0.4056(1) H(19) 

H(l) 0.305(1) 1.024(3) 0.291(2) H(20) 

H(2) 0.311(1) 0.819(3) 0.187(2) H(21) 



£/£< ff ) xA( a > i/£(°) 

0.314(1) 0.557(3) 0.169(2) 
0.315(0 0.397(3) 0.373(2) 
0.389(0 0.425(3) 0.390(2) 
0.347(0 0.350(3) 0.519(2) 
0.337(0 0.720(3) 0.501(2) 
0.303(0 1.117(3) 0.445(2) 
0.242(1) 0.974(3) 0.536(2) 
0.402(1) 0.963(3) 0.535(2) 
0.411(1) 1.082(3) 0.453(2) 
0.357(0 1.162(3) 0.620(2) 
0.417(1) 1.433(3) 0.650(2) 
0.472(1) 1.365(3) 0.710(2) 
0.408(2) 1.327(4) 0.729(2) 
0.486(1) 1.013( 3) 0.619(2) 
0.518(1) 1.132(3) 0.679(2) 
0.455(0 1.043(3) 0.707(2) 
0.471(0 1.375(3) 0.503(2) 
0.525(1) 1.317(3) 0.552(2) 
0.503(0 1.211(3) 0.473(2) 



C2 



> 03 



01 



C3 



rCtt 

> CM 



Fig.l. A diagram of a molecule of Sslbutamol showing some intramole- 
cular bond distance*. 
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Bond Distances and Angles 



'') «/c<°) 

I) 0.169(2) 
I) 0.373(2) 
J) .0.390(2) 
0.519(2) 
0.501(2) 
3) 0.445(2) 
3) 0.536(2) 
0.535(J) 
3) 0.453(2) 
3) 0.620(2) 
0.650(2) 
0.710(2) 
0 0.729(2) 
}) 0.619(2) 
3) 0.679(2) 
0.707(2) 
3) 0.503(2) 
3) 0.552(2) 
3) 0.473(») 



J) 
3) 



3) 
3) 



3) 



0(1)-C(4) 

0(2)-C(l3) 

0(3)-C(7) 

C(l)-C(2) 

C(2)-C(3) 

C(3)-C(4) 

C(4)-C(5) 

C(5)-C(13) 

C(5)-C(6) 

0(l)-C(4)-C(3) 
0(1)-C(4)-C(5) 
0(2)-C(l3)-C( 5) 
C(13)-C(5)-C(4) 
C(13)-C(S)-C(6) 

0(3)-C(7)-C(l) 
0(3)-C(7)-C(8) 
C(I)-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(3)-C(4)-C(5) 
C(4)-C(S)-C(6> 
C(5)-C(6)-C(l) 



1.368(2) A 

1.420(2) 

1.433(2) 

1.385(3) 

1.386(3) 

1.384(3) 

1.396(3) 

1.507(3) 

1.389(2) 

123.2(2)» 

116.2(2) 

110.2(2) 

U9.0(2) 

122.6(2) 

111.5(1) 

107.0(2) 

120.6(2) 

119.9(2) 

120.6(2) 

118.3(2) 

121.6(2) 



C(6)-C(l) 

C(l)-C(7) 

C(7)-C(3) 

C(8)-N 

H-C(9) 

C(9)-C(10) 

C(9)-C(ll) 

C(9)-C(12) 



C(6)-C(l)-C(2) 

C(6)-C(l)-C(j) 

C(2)-C(l)-C(7) 

C(l)-C(7)-C(8) 

C(7)-C(3).X 

C(8)-N.C(9) 

S-C(9)-C(10) 

S-C(9)-C(ll) 

tf.C(9)-C(12) 

C(10)-C(9)-C(11) 

C(I0)-C(9)-C(12) 

C(ll)-C(9)-C(!2) 



1.389(3) A 

1.522(2) 

1.518(3) 

1.464(2) 

1.496(2) 

1.506(4) 

1.519(3) 

1.519(4) 



115.9(2)- 

120.4(2) 

120. ?(2) 

110.5(1) 

111.5(2) 

115.9(1) 

105.6(2) 

112.9(2) 

105.6(1) 

109-3(2) 

110.7(3) 

109.7(2* 




Fig. 2. A packing diagram showing the unit cell contents of Salbutamol. 



intramole- Comments . Salbutamol exhibits the same cis orientation of amino and hydro- 

; xyl groups as observed trith Thll65 (Beale, 1972). The S...0 distance 

I (2.826(2) A) is in fact a little larger than the corresponding distance 

(2.766(3) A) in Thll65. The benzene ring is inclined at 74. 5(2^ to the 
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plane of the C(7)~C(8)-N-C(9) •tarns, whilst in the TM165 molecule thi* »^ 
gle is 66,9(3)*. The tertiary butyl group is on the opposite side of the ' 
Salbutaool molecule to the amino end hydroxyl groups. The Thll6j molecule 
has the substituent groups on the nitrogen a too on the sane side of the 
molecule as the aaino and hydroxyl groups and therefore in closer proxiau 
ty to the receptor site, 

Aelmawi adam ants . The authors are indebted to the Asthma Foundation of Mew 
South Vales for the award of a post-doctoral research Fellowship to one of 
us (JPB). We are also grateful to Associate Professor H.C.Stephenson for 
his continued interest and help, to Processor W.F .Glover and Dr.S.HcLean, 
School of Physiology, The University of Hew South Vales for their aasietao. 
ce. we would also like to thank Professor H.M.Voolfson t Dr.P.Naln (Tork U, 
Diversity, England) and Dr .G.Germain (Louvain University, Belgiua) for sup. 
plying us with LSAM. Finally, we would like to express our thanks to Qa. 
xo-Alleaburys (Aust.) Pty. United for saoples of Salbutaool. 
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RELATED PROCEEDINGS APPENDIX 

None. 
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